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INTRODUCTION. 


In the more arid parts of the West, arable land possesses little. 
value without water. The water which can be put to a beneficial 
use is limited to relatively small quantities, so that when it is fully 
utilized, only a small percentage of the total fertile and arable 
lands of the West can be reclaimed by irrigation. In ‘recent years, 
owing to the rapid increase in the value of soil products, intensively 
farmed land under irrigation systems has risen in many cases to 
double its former, prewar value. This great advance in the value of 
irrigated land has placed a premium on water, and a widespread 
effort is being made to convey, distribute, and use the appropriated 
waters in such a way as to incur the least possible loss. Every gallon 
of water wasted by seepage and absorption in porous earthen chan- 
nels or in careless use on the land, robs the farmer of so much profit, 
whereas every gallon saved protects fertile soil from water-logging, 
and results in larger yields and profits to the grower. 
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An experience covering a period of over a quarter of a century 
on the Pacific Coast, and more especially in California, has demon- 
strated that large quantities of water cam be saved by the substitu- 
tion of pipe for earthen ditches. The results of a large number 
of measurements made by the irrigation division of this bureau 
show that the transmission losses in earthen channels vary from 10 
to 60 per cent, and average fully 35 per cent of the quantity of water 
admitted through the intake. When pipes are substituted for earthen 
channels, the loss of water in conveyance is usually negligible. 

The use of pipe for the carriage of water and of pipe systems for 
its distribution to farmers, not only prevents loss of water but affords 
better facilities for its control, distribution, and delivery. Irrigating 
land by means of open channels in earth is a laborious and unpleas- 
ant task, wasteful of water, time, and effort. On the contrary it can 
be rendered comparatively easy and pleasant if the proper equipment 
is provided in the way of pipe, pipe systems with proper gates, turn- 
outs, and other fixtures. The interest on the cost of such betterments 
for highly profitable crops is more than likely to be amply com- 
pensated for by the water and labor saved and a more uniform 
moistening of the soil. 

The purpose of this bulletin is to present to the irrigation farmers 
and orchardists of the West information concerning pipe and pipe 
systems and more especially the use of concrete pipe in irrigation, 
with such practical suggestions regarding making and laying as may 
enable those engaged in this work to avoid mistakes and attain satis- 
factory results. 


THE USE OF PIPE IN IRRIGATION. 


Before proceeding to a discussion of concrete pipe as used in irriga- 
tion systems, brief references are made herewith to other kinds of 
piping used for the same purpose. These other kinds include metal 
pipe, wood pipe, and vitrified clay pipe. These, with concrete pipe, 
differ in strength, durability, cost, and general fitness for any par- 
ticular location and use, and in planning an irrigation system where 
pipes are to be used in quantity. care should be exercised to select the 
kind of piping that will best meet the requirements of each individual 
case. It happens quite frequently that the same kind of piping can 
not be advantageously used to convey water to all parts of an irriga-— 
tion enterprise. 

Metal pipes, and especially riveted steel pipes, possess strength im 
a high degree and on this account should be used for high pressures 
and where excessive fluctuations in pressure occur due to water- 
hammer and other causes. On the other hand riveted steel pipe of 
the quality now manufactured is not durable when exposed to un- 
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favorable conditions unless protected by an asphaltic or other similar 
coating or galvanized. The dipping of sections of riveted pipe in a 
bath of hot asphalt has long been practiced, but if the coating becomes 
brittle when cooled, it is liable to chip off and expose the metal. ‘To 
guard against abrasions in the coating, roofing paper cemented to the 
pipe with hot tar has been successfully used on several large systems, 
notably those of the Terra Bella irrigation district in Tulare County 
and the Sweetwater Water Co. of San Diego County, Calif. In 
wrapping pipe, a roll of roofing paper is cut in a number of strips by 
means of a homemade machine. This machine winds a roll of roofing 
paper from one spindle to another, meanwhile drawing the paper 
over a series of knives; the knives can be regulated so as. to cut any 
width of strip desired. The pipe to be wrapped is placed on a 
spindle which is suspended over a trough. It is then revolved by a 
erank by one man, while another guides the strip of roofing paper. 
The paper is thus wound spirally the length of the pipe. A third 
man pours hot tar between the roofing paper and the pipe while the 
winding process is going on. 

For medium water pressures created by heads of 20 to 100 feet and 
over, wood pipe may be used. The kind of wood pipe known as con- 
tinuous stave pipe may be built in sizes ranging from 1 to 15 feet in 
diameter. The materials of which this pipe is composed consist of 
wood staves, steel bands, and cast-iron clips, which are shipped to 
the site usually direct from the manufacturer, and the pipe is laid 
continuously either in a trench or on the surface of the ground along 
the line of the location. 

So-called machine-banded wood pipe is made in the factory in 
shipping lengths and in sizes ranging from 2 to 52 inches. In making 
_ this pipe the staves are held together by galvanized steel wire, wound 
spirally and spaced according to the pressure to be sustained. After 
the pipe is banded and the ends are milled for couplings, each ship- 
ping length is dipped in a bath of hot asphalt and when withdrawn is 
rolled in sawdust or shavings. The hght weight and cheapness of 
wood pipe and the ease with which it can be shipped and transported 
over mountainous and out-of-the-way places are marketable ad- 
vantages. ‘The chief objection to the use of wood pipe is the tendency 
ot the wood to decay when in contact with the earth, exposed to the 
air, and alternately wet and dry. When wood pipe is kept continu- 
ously under water pressure, or covered to a depth of 2 feet or more in 
tight soil, it has been known to give excellent service for 30 years. 

Vitrified clay pipe when well made is a suitable pipe for irrigation 
purposes, providing the head does not exceed 15 feet. It is easy to 
lay, has a smooth interior surface, and in consequence a fairly low 
friction factor. It isnot asa rule injuriously affected by alkali. Most 
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of the failures arising from the use of this kind of piping in the 
West have been due to the practice of laying discarded sewer pipe as 
distributaries in irrigation systems. Some of these are imperfectly 
burned and glazed, possess little strength and are apt to disintegrate. 
Others are cracked, permitting roots to enter the pipe and obstruct 
the passageway as well as break up the pipe. The cost of a good 
quality of clay pipe is higher than a corresponding quality of plain 
concrete pipe. The latter will also safely withstand higher internal 
pressures. For these and other reasons clay pipe has not been ex- 
tensively used for irrigation purposes throughout the Western States. 


INCASING OLD PIPE OF METAL AND WOOD WITH CONCRETE. 


Old pipe of metal and wood may be converted into concrete pipe 
by placing a layer of concrete around their exteriors. This can often 
be done with the pipe in place, under pressure and in use, providing 
the leaks are not too troublesome. 

In the case of steel pipe, the pipe is uncovered and scraped clean 
of dirt and rust with steel brushes. The excavation is made large 
enough to permit forms to be placed around the sides and part of the 
bottom of the pipe. Before placing the forms triangular mesh rein- 
forcing wire of the right width is wound spirally around the pipe 
and is kept away from the pipe by small concrete briquettes. 
Wooden forms 12 feet in length are then put in place, allowing suff- 
cient space between the forms and the exterior of the pipe for the 
proper thickness of concrete shell. Concrete is then poured within 
the form, which is allowed to remain in place 24 hours before remoy- 
ing. Recently the Sweetwater Water Co. of San Diego County, 
Calif., incased 3,125 feet of 8-inch steel-riveted pipe for a total 
cost of $1.13 per foot, which included trenching, backfilling, forms, 
etc. The same company also encased 600 feet of 12- ice pipe 
for $1.39 per foot. Several years ago the Temescal Water Co., of 
Corona, Calif., incased with concrete 10,000 feet of riveted steel 
pipe, under a maximum head of 80 feet, which had been in service 
for 30 years, also shorter lengths of pipes 30 and 18 inches in di- 
ameter. ‘The cost inclusive of trenching, forms, backfilling, etc., was 
$2.50 per foot for the 30-inch pipe, $1.70 for the 24-inch, and $1.40 
per foot for the 18-inch pipe. The price of labor at that time was 
$2.25 to $2.50 per day, while cement was worth $2.30 per barrel. 
The form used is shown in figure 1. 


CONCRETE PIPE. 


During the past 10 or 15 years the greater part of the pipe used 
for irrigation pipe systems has been made of concrete. The prin- 


1 See article in Engineering News-Record by H. R. Case, Sept. 20, 1917. 
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cipal reasons for its extended use are its relative cheapness, dura- 
bility, strength, and general adaptability to irrigation requirements. 
An excellent quality of cement is made in scores of factories in the 
West and sold at relatively low prices, while the other ingredients 
of sand, gravel, rock-dust, and broken rock usually are found in 
close proximity to where the pipe is made. 


Fic. 1.—Form used in incasing riveted steel pipe with concrete. 


Concrete pipe is made both reinforced and plain, the former 
having more or less steel embedded in the concrete shell in order to 
increase its tensile strength. A few years ago plain concrete pipe 
was placed in the same class as vitrified clay pipe as regards tensile 
strength and limited to less than 15 feet head. This precaution was 
then necessary owing to the inferior quality of the pipe made, and 
failures were common even under less than 10-foot heads. In recent 
years a marked improvement has been produced by substituting a 
proper concrete mixture for the cement and sand formerly used and 
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by adopting better methods of molding, tamping, curing, and laying. 
There is to-day in successful operation a large mileage of unrein- 
forced pipe from 6 to 24 inches in diameter under heads of 25 to 40 
feet, while other lines are under heads of 40 to 100 feet. One pipe 
line 16 inches in diameter is successfully operating under a head of 


80 feet. 
REINFORCED CONCRETE PIPE. 


Reinforced concrete pipe, 12 to 72 inches in diameter, is made in 
yards or temporary sites by means of collapsible forms, the larger 
sizes being made frequently near the point of laying to lessen the 
cost and difficulties of transportation. The forms. may be of either 
wood or steel, or the inside form of steel and the outside of wood. 
Either wire mesh or steel hoo ps may be used for reinforcing material, 
the size and spacing of the reinforcing depending on the head to be 
exerted against the pipe. Most reinforced pipe is made by placing 
a cage of reinforcing wire mesh between the inside and outside forms 
and then pouring in a wet mixture of concrete. The concrete is 
tamped into place. The molds are removed in about 24 hours, the 
pipe being kept moistened while curing. Most manufacturers of 
reinforced pipe aim to use enough steel to take all tension in the pipe, 
the concrete acting as an impervious shell only. It has been found 
that pour ed concrete has a lower tensile strength than a drier mixture 
that is well tamped, but it is difficult to tamp pipe well when wire 
mesh reinforcing is used. 

Reinforced pipe is laid in a trench as is done with ordinary concrete 
pipe. The joints are usually poured by the use of special forms for 
the purpose. Some firms put out a special lock joint, which ties the 
longitudinal reinforcing wires of one joint to the next. It is not 
usual however, to provide enough longitudinal wires to take all 
stresses due to contraction, and for this reason some pipe firms have 
provided frequent expansion joints made from a thin, crimped sheet 
of copper. In the latter case very few, if any, longitudinal wires 
are needed. 

Partially reinforced pipe may be made by dropping welded wire 
rings into hand-tamped pipe while the pipe is being made. Enough 
rings may be inserted to take all the tension, or two or three rings 
may be used in every length, which are expected to prevent a crack 
from one pipe being transmitted to another. 

There are several methods of constructing continuous reinforced 
pipe one of which is shown in figure 2. This is usually done by 
using a collapsible inner form which is moved along the trench as the 
pipe is being made. An outside form may be used on the sides and 
top, or the trench may be cut so as to act as the outside form. 

The Whittier Water Co., of Whittier, Calif., has laid considerable — 
quantities of continuous reinforced concrete pipe. One installation 
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is rectangular in cross section, 86 inches by 36 inches inside dimen- 
sions. Collapsible wooden forms were used, 12 feet in length, with 
triangular reinforcing wire mesh placed in two sections. One section 
of wire mesh is laid on top of the forms, with the edges turned down 
into the side walls, and the other section covers the bottom and ex- 
tends up the sides. The sides of the earthen excavation were cut so 
as to leave a thickness of concrete of 6 inches. This conduit is made 
to stand 50 feet head. The total cost was about $2.40 per foot. 

If continuous pipe is laid in cool weather and is not allowed to dry 
before being filled with water, there may be no trouble with contrac- 
tion cracks, but this class of pipe would probably give considerable 


, 


Fie. 2.—Showing one method of building continuous reinforced-concrete pipe. 


trouble if laid in the summer, especially if allowed to dry out dur- 
ing the winter. If possible, the pipe should be covered with at least 
2 feet of earth, and if the soil is kept moist curing should take place 
without the concrete cracking. 

One firm in Los Angeles has given the following prices at the 
yard, Los Angeles, under date of May, 1919, for reinforced concrete 
pipe: 


Diameter. ; esi Diameter. Erie St 
i PgULT CH GOP eee eter saree mocsse chee NBEO SOs | pO OMMICHCS tes tea pon ser ace ciclen 3 sjanteie oie $3. 30 
pala GS) Se B58 a aOR MEe chao Pe GFA Sin Ghesaaernee see eb eee eos. bls: 
NSUMICHE Sian eps ee: His aot eee eee 4 GOWN CHeSEree eee ese ieee. Seneca! 7.40 
PAD VG eC ey i oe Ce eet SES eet aa Hoesen: Zea Vel OVE AS Oe Se eee 10.12 
PANT CHES Ren ae oe oo See eee 1.70 
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The cost of laying is estimated at about 1 cent per foot for each 
inch of diameter of pipe, but conditions may arise where it may be 
much more, especially if siphons are installed. 


MANUFACTURE OF PLAIN CONCRETE PIPE. 


Plain concrete pipe may be divided into two general classes— 
hand-tamped and machine-made pipe. Hand-tamped pipe is made by 
tamping concrete between inside and outside collapsible forms. The 
forms usually run from 6 inches to 36 inches inside diameter. The 
pipe is made for the most part in 2-foot lengths, although some is 
made 30 inches in length. In making hand-tamped pipe, the forms 
are set up vertically on the ground or on a platform. Concrete is 
then poured between the forms by one man while another tamps. 
When the pipe is finished it is reamed off on top with a special 
reamer. The inside form is first removed by collapsing it and the 
pipe carried to the proper place in the yard, where the outside form 
is removed and the pipe allowed to set. Pipe should always be 
kept thoroughly moist for at least 10 days before it is cured. If 
the concrete is moist enough when the pipe is tamped the outside 
form may be stripped, 1. e., pulled off vertically, without loosening 
the jacket. If so-called dry pipe is made, the forms can not be 
stripped, but the outside form must be loosened before lifting it off. 
The tongue and groove ends of the pipe are made to assist in lay- 
ing. The groove end, which is usually a simple inside taper on the 
bottom of the pipe, is made by dropping a cast-iron ring between 
the forms. This ring is beveled to conform to the groove of the 
pipe, and is allowed to remain on the bottom of the pipe until the 
concrete has set sufficiently to move the pipe. (Fig. 3.) The tongue 
end of the pipe is made when the pipe is finished, and is accom- 
plished by whirling the reamer over the top before the forms are 
removed. Some hand-tamped pipe is made with bell and spigot 
ends similar to the ordinary clay sewer pipe. When pipe is made in | 
this way, the outside form is split so that the forms can be removed 
laterally. : 

Pipe machines’ are roughly classified as tamping machines and 
troweling machines. Some tamping machines tamp the pipe very 
similarly to the hand-tamping process. The mechanism of most of 
these machines causes the pipe to revolve under the tamper while 
the concrete is poured in between the forms. A pneumatic air tamper 
may be used to tamp the pipe. The apparatus operating the air 
tamper is suspended over the forms, the air tamper being guided 
around the shell of the pipe by one man, while another feeds the 
concrete. The pneumatic hammer delivers about 700 blows a minute 


? Arizona €tate Experiment Station Bulletin No. 86, by G. E. P. Smith. 
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under heavy pressure. In other respects the pipe is made as de- 
scribed under hand-tamped methods. 

Troweling machines make use of iron vanes that force the con- 
crete down and against the outside form. The vane or packerhead 
apparatus is revolved by machinery and at the same time is lifted 
from bottom to top of a length of pipe while it is being made. There 
are a number of different types of this class of machine, many of 
which make pipe very rapidly. The troweling process usually makes 
a pipe of smooth interior finish. 


Fig. 3.—Concrete-pipe yard showing forms and cast-iron rings. 


It is probable that other types of concrete pipe machines will 
come into the market in the near future. A machine that both tamps 
and trowels pipe is used now. Another machine has been recently 
invented that compresses the concrete in the molds by squeezing in 
the outside form. Many other possibilities are talked of which may 
soon become realities. 


QUALITY OF CONCRETE PIPE. 


Both hand-tamped and machine-made concrete pipes are often of 
very inferior quality, but it is encouraging to know that the quality is 
constantly improving. Most pipe makers will agree to deliver a 
high-grade pipe if the purchaser is willing to pay for it, but as long 
as the latter insists on getting the cheapest pipe he is apt to get the 
poorest quality. Some reputable firms, however, will not make an 
inferior grade and do not try to compete with pipe makers who sell 
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pipe that is made of poor materials, poorly tamped, or that lacks the 
proper proportion or kind of ingredients. 

It is sometimes difficult to judge the quality of concrete pipe with- 
out having the necessary apparatus for testing it. Usually, however, 
an intelligent examination with the application of a few simple tests, 
will give a fair indication of its worth. Two requirements are neces- 
sary for the best grades—strength and imperviousness. Pipe may 
stand high pressures and still be rather porous, but a dense pipe 
that is nearly impervious can be made if proper precautions are 
taken in the choice of materials and the mixing and tamping or 
troweling of the concrete. 

Porosity can be tested by filling a length of pipe with water after 
one end has been plugged. If the outside of the pipe remains dry 
after water has been in the pipe for several hours, it is probable that 
the pipe will show very little seepage when under pressure, as seep- 
age through the shell of a concrete pipe usually shows up under low 
pressure and does not increase proportionately with increasing 
pressures. The porosity of pipe can be estimated by weighing a 
small piece of concrete pipe before and after soaking in water. 
Dense pipe should increase very little in weight after being soaked 
for 10 minutes. | | 

Hand-tamped pipe is often made with concrete that is far too 
dry, for the reason that a dry mixture is easier to handle when made 
by hand and will stand up with less tamping than a wet mixture. 
Some of the dry mixed, poorly tamped pipe will absorb water rapidly 
and become saturated throughout in a few minutes when soaked in 
water. A wet mixture is usually quite impervious, as it must be 
tamped well in order that the forms may be easily removed. Pipe 
that is made from a wet mixture of concrete will show a fine webbing 
on the outside of the pipe, while the wettest will show streaks and 
coarse webbing. This webbing or streaking shows up plainly after 
the pipe is cured. Such markings are due to moisture being forced 
outward against the outside form when the pipe is tamped. This 
mixture of water and cement is streaked vertically along the outside 
of the pipe when the form is stripped from the newly made pipe. 

Wet-mixed pipe may not have the maximum strength, but usually 
it can be depended upon for high-pressure work, and it should be 
durable and impervious if well cured.in the yard. Pipe that is made 
with the best known proportion of water in the mixture, it being not 
too dry and at the same time wet enough, will show a fine webbing 
on the outside of the pipe, and will also be hard and tough, pro- 
viding always that the materials are of good quality and well 
tamped, or compressed, and cured. Wet-mixed pipe will usually 
slump when the forms are removed, which may cause a lopsided or 


USE OF CONCRETE PIPE IN IRRIGATION. 1 


distorted pipe. Such pipe is more difficult to lay, but if care is 
taken in laying it should be satisfactory. Some of the pipe that 
presents the most attractive appearance in the yard may be of poor 
quality on account of having been mixed too dry. 

The best grade of pipe for use against pressure should withstand 
a heavy blow with a hammer and should give a clear, ringing sound. 
The pipe should be dense when broken and be difficult to scratch with 
a knife. The best pipe can be thrown from a wagon to the ground 
without breaking, although this is not recommended except for a 
test. 

The best grades must also be made from materials that will pass 
the test for any good concrete work. As much hard, broken rock or 
eravel containing a high proportion of hard pebbles should be used 
as can be incorporated. High-pressure pipe often contains as much 
as 50 per cent rock and is made with 1 part of cement to 3 
parts of aggregate. Pipe for use under low pressures is often made 
of 1 part of cement:to 5 parts of sand and rock. Some machines 
will not handle a large proportion of rock and with such more cement 
must be used to get the same grade of pipe. Machines are usually 
more reliable for compressing the concrete, and the product is liable 
to be more uniform. At the same time some of the most reliable pipe- 
making firms in the West are using hand-tamped methods, and guar- 
anteeing their product. 

Some farmers buy equipment for making hand-tamped pipe and 
make their own pipe. This practice 1s not to be encouraged as a 
rule, as experience is necessary if a reliable product is to be turned 
out. The saving in cost is small in many cases, and failures may 
make this method an expensive experiment. The safest thing for a 
farmer to do is to buy pipe from a reliable firm, have the same firm 
lay the pipe, and demand a guaranty that the pipe will conform to 
the specifications. 

It is not intended to discuss the best materials required for making 
concrete pipe, as this subject will be taken up in another bulletin. 
Briefly stated, however, the sand should be clean, the rock clean, hard, 
and durable, and the whole aggregate well graded. If gravel is used, 
the materials should be clean and hard, with a minimum amount of 
organic matter. The presence of clay or silt free from organic mat- 
ter in the gravel may not be harmful, and tends to make an imper- 
vious pipe if it is not present in too large quantities. Rock dust 
may be added with benefit to the pipe, while a certain proportion of 
hme will tend to make an impervious pipe. Soft or partially disin- 
tegrated rock or gravel is very harmful, especially if high-pressure 
pipe is desired. When possible, materials should be tested in the 
laboratory or test lengths of pipe made, which can be tested to fail- 


12 BULLETIN 906, U. S. DEPARTMENT OF AGRICULTURE. 


ure in the yard. There are several types of apparatus designed by 
engineers of this bureau which can be used by pipe manufacturers 
for such purposes. In fact all pipe yards should be equipped with 
testing apparatus that can test pipe for an installation. A farmer 
should demand tests on pipe that he is ordering especially for high- 
pressure lines. 

As regards durability, concrete pipe, if well made and laid. should. 
last for generations. It is the improperly made pipe which causes 
failures and early renewal. The experience of southern California 
shows that the good concrete pipe installed 30 years ago is still in 
excellent condition, whereas some of the inferior pipe has been re- 
newed in less than 5 years after laying. | 


COST OF UNREINFORCED CONCRETE PIPE. 


The price of concrete pipe has increased somewhat during the last 
two or three years, but the increase has been less than in other types 
of pipe. The following prices were quoted in July, 1919, by a num- 
ber of the larger manufacturers in southern California. 


| 
z hae i = 

= | rice per | Price per : Price per | Price per 

Inside diameter pee ae foot laid | foot laid || Inside diameter Sie a foot laid | foot laid 
of pipe. ail in light | in heavy | of pipe. eel in light |in heavy 

fe ia soil. soil. | ) soil. soil. 
Gachese. esse $0. 123 $0. 25 $0: 28) | i8anehes:— 22 s-cseee $0. 46 $0. 65 $0. 85 
pumCheSees seo eS 14 = 20 -30| || 20amehess..2--2. 2. | 57 (() 1.00 . 150 
aQanches eee. .16 -30 ase 24anChesha eae Sh eae (tee See ted 
WICH ES wee ee . 20 34 -38 || s0inches_<.. <5... 1260 .|ccseccseo= | eee 
aa anches= 22 -ec ese 5) - 40 -44 {| 36anches--_-.-----< 2: 001-6 eee 
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Note.—Prices laid, include trenching and backfilling. 


Prices quoted at the yard by the Concrete Pipe Manufacturers’ As- 
sociation of Northern and Central California July, 1919, are as fol- 
lows: 


tae ee 
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| || | 3 
| 
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j | 


Some firms quote prices for pipe that will stand extra pressure, and 
guarantee the product. The cost of this pipe is about 30 per cent 
higher than stock pipe for 40-foot heads, and about 50 per cent higher 
for 50-foot heads. One firm makes pressure pipe of standard thick- 
ness from 6 to 12 inches in diameter that will stand 70 to 80 feet head, | 
and sells it at a price 25 to 40 per cent higher than the ordinary low- 
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pressure pipe. Pipes of 8 to 12 inches in diameter are made in stock 
of double thickness, which will stand heads of 150 feet and over, but 
the prices are about three times as high as stock pipe. Stock pipe 
should be safe under pressures of from 20 to 35 feet. 

In connection with the above-quoted prices, it may be stated that 
many pipe manufacturers who operate small plants sell pipe much 
cheaper than the figures given. 


LAYING CONCRETE PIPE. 


Concrete pipe should be laid deep enough in the trench so as to 
reduce the range of temperature and to be safe from injury against 
plows, subsoilers or other farm implements. There should be at least 
12 inches of earth over the top of all kinds of pipe, and high 
pressure pipe should have a top covering of at least 18 inches. Tem- 
perature changes in the shell of the pipe are greatly reduced when the 
pipe is buried deeply, and less trouble is experienced from expansion 
and contraction. The moisture content within the shell of the pipe 
is likewise kept more uniform than where the upper half is laid near 
the surface of the ground. 

The trench should be wide enough to allow room for a man’s feet 
when he is straddling the pipe in the act of laying the pipe. It 
is a mistake to make the trench too narrow, especially when large- 
sized pipe is laid, as there must be room to finish off the joints. 
Excavation in soil that is not too hard or rocky may be done with a 
plow and V scraper. Road scrapers and ditchers are sometimes used 
to start large excavations, but trenches so made are too wide as a rule. 
There are several makes of tile trenching machines that are used for 
large installations, and where there are no obstructions to interfere 
with the machine it may pay to use one. These may be operated over 
the same trench twice, thus making it of nearly double width. For 
the most part trenching is done with pick and shovel—handwork 
being necessary where pipe is laid among full-grown trees in an 
orchard. 

Some contractors lay pipe by force account, charging a commission 
of 10 to 15 per cent for tools and supervision, for the reason that it 
is difficult to make an estimate of the cost of excavation, as trenching 
in hardpan, adobe, or soil full of boulders may cost several times as 
much as a trench in loose loam or sand. Some trenching in favorable > 
soil has been done for 3 to 7 cents per foot for 12-inch pipe, while 
the actual cost of a trench for 24-inch pipe near Azusa, Calif., where 
bowlders were encountered, was about 35 cents per foot. Trenching 
for 12-inch pipe in adobe soil near Santa Ana, Calif., with a trench- 
ing machine was done for 5 cents per foot. Handwork for heavy soil 
often costs 15 to 20 cents per foot for 12-inch pipe. 
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The bottom of the trench should be laid as nearly as possible to 
grade, but the grade does not need to be uniform where the pipe is 
under pressure, although sudden changes in grade should be avoided. 
as such irregularities in the pipe line may collect air, which will 
decrease the carrying capacity of the pipe. If it is not possible to 
avoid alternate dips and rises, air vents should be provided for at the 
highest points in the line. Where the line makes a deep dip, a blow- 
off valve should be installed at the lowest point, so that any accu- 
mulation of sand or trash can be blown out. | 

Most experienced pipe layers lay small sizes of pipe by standing 
the joint to be laid on end and filling the groove end with mortar. 
The pipe is then firmly pressed against the tongue end of the pipe 
that is already laid in the ground, care being taken to get a good bond 
of mortar between the ends of the pipe. The mortar is smoothed off 
with a trowel on the outside, and the inside brushed smooth with a 
long-handled brush. The ends of the pipe are always wetted with 
a brush before applying the mortar. 

Large-diameter pipe is usually laid by placing a batch of mortar 
in the bottom of the groove of the pipe that is laid and on top of the 
tongue end of the pipe to be laid. The tongue and groove of the two 
joints of pipe, respectively, are then pressed together and the joints 
filled in by hand, using a rubber glove or part of an automobile 
inner tube over the hand to protect it from the action of the cement. 
The inside of pipe of a diameter less than 22 inches is finished off 
by a long-handled brush, but larger pipe is finished or pointed off 
by a man who works inside of the pipe. If it is possible for a man 
to work inside the pipe it is best to finish the inside of the joints 
24 hours or longer after the pipe has been laid. This gives the pipe 
time to settle, otherwise joints may crack if finished off at once. The 
pipe also has time to expand or contract before the inside is finished. 
For this reason most contractors would rather guarantee pipe against 
leaks when it is large enough to permit a man to work within it. 

Pressure pipe and the larger sizes of ordinary pipe are usually 
finished with banded joints, but small pipe that is to be under low 
pressure is not banded as a rule. The band is formed around the 
joint on the outside of the pipe with a trowel. The average size 
of band is about one-half to three-fourths inch thick over the joint 
and 4 to 6 inches wide. Some pipe layers reinforce the joint of high 
pressure with wire mesh. The wire is tied around the joint and the 
band made by plastering the mortar over it. 

Laying cores are made use of occasionally in assisting to make 
joints. The core fits inside the pipe and prevents mortar from being 
projected into it. 

Mortar used in laying is usually made of one part of cement to 
one and one-half parts of fine sand. The mortar is often made by - 
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mixing the sand and cement with hme water. The addition of slaked 
lime makes the mortar easier to handle. One man who has had con- 
siderable experience with large sizes of pipe will not use lime in the 
mortar in sizes over 20 inches, as he claims mortar mixed with lime 
will tend to crack in the larger S1ZeS. 

Back filling should allen immediately after lamin If the earth 
used for back “glline § is moist, the mortar in the joints will cure better. 
Pipe laid in the trench is nae dry and a moist earth used for 
back filling will tend to moisten the pipe and cause a slight expansion, 
If the expansion takes place before the mortar in the joints is set, the 
pipe will conform to the new condition created by squeezing the 
mortar more compactly at the joints, instead of shoving the pipe 
ahead, which may cause failure at curves or destroy diversion boxes 
by crushing. The temperature in the trench after back filling is 
usually much lower than the air temperature, especially in the sum- 
mer. A decrease in temperature causes the newly laid pipe to con- 
tract, which will probably be counteracted by the pipe absorbing 
moisture providing the back filling material is moist. In practice it 
is often difficult to procure enough water to wet the trench or back 
fill. In this case pipe should not be laid in the hottest weather. It 
sometimes happens that the pipe will expand enough when saturated 
after being filled with water to prevent trouble with contraction 
cracks. Accordingly water should be let into a newly laid pipe line 
as soon as possible. This subject will be discussed more fully under 
another heading. 

After the trench is dug, and the pipe to be laid strung along the 
side of it, one expert pipe layer with two helpers will sometimes lay 
as much as 1,200 feet of 8- to 12-inch pipe in a day, but 800 feet is 
a good day’s work for an average crew. Four men will lay the pipe 
and partially backfill the trench. Four men are usually needed to 
lay pipe from 14 to 18 inches in diameter, and will average 300 to 
500 feet of this size tna day. Five to seven men will lay from 300 
to 500 feet of 24-inch pipe in a day. 

There is wide variation in the cost of laying pipe and the quan- 
tity of mortar used in making the joints. If heavy bands are made at 
the joints for high pressure lines, it often costs from 25 to 50 per cent 
more to lay the pipe. One pipe manufacturer estimates that one 
sack of cement, made into one to one and a half mortar, will lay 
350 feet of 6-inch pipe, 270 feet of 8-inch, 200 feet of 10-inch, 160 feet 
of 12-inch, and 70 feet of 20-inch pipe. If bell-ended pipe is used, 
similar to the ordinary clay sewer pipe, more mortar is needed. 


CAUSES OF FAILURE OF CONCRETE PIPE. 


One of the most frequent causes of failure of concrete pipe is a 
poor grade of pipe. If the pipe is made of poor material, or a very 
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lean mixture, it is apt to split even under low pressures. A poor 
_ grade of pipe may appear to be in good shape when first installed, 
but may fail after a year or more due to softening of the concrete. 
It is common, however, to detect: causes of failure as soon as the pipe 
is filled with water. | 

More or less seepage is common to most grades of hand-tamped 
pipe, but if it 1s not too pronounced it usually disappears in time. 
Such materials as silt, clay, or fine sand are often used to fill up the 
pores and prevent seepage. As mentioned above, pipe made of a dry 
mixture is more subject to seepage than wet-mixed pipe, and the 
joints are more difficult to make in a dry, porous pipe. 

If the pipe is of good quality any leaks that occur are usually at 
the joints. When pipe is laid by inexperienced men leaks at the 
joints are common, caused by poor mortar connection or by the 
mortar falling from the joints when the pipe is being laid. Care 
should be taken to see that the joints are butted against each other, 
and that the mortar is squeezed firmly into place. Mortar will often 
fall out of the joints at the top of the pipe, and the fault may be 
difficult to detect, particularly in the smaller sizes. When pipe is 
banded and under pressure it is common for water to seep out be- 
tween the band and the outside shell of the pipe. Water will some- 
times seep quite a distance in this manner. This may be caused by 
a poor union between the abutting ends, or it may be due to dry, 
porous pipe. Bands or joints will crack if the pipe is not properly 
covered with earth, and for this safeguard moist earth is preferable. 

Concrete pipe should not be injured by the roots of orchard trees 
unless cracks appear. Large roots of shade trees may heave the pipe 
and cause failure, or small, fibrous roots may enter the pipe and com- 
pletely clog it. Tree roots sometimes enter the pipe at the connec- 
tion of orchard risers, the risers being often loosened from the pipe 
by being hit with =1ou7 or cultivator. 

Pipe lines sometimes fill with sand or trash, where the inlet is not 
properly screened or settling basins provided. If velocities are high 
enough the pipe will be flushed out without resorting to any special 
means. Otherwise blowoff valves should be installed. | 

Adobe soil will heave and crack and rupture pipe lines very much 
in the same manner as it affects lined ditches. Most pipe layers 
are skeptical of the success of concrete pipe laid in adobe soil, and 
some will not guarantee work under such conditions. In some cases 
the trouble has been overcome by covering the bottom of the trench 
with 2 to 3 inches of sand. A good practice seems to be to dig the 
trench deeper than in sandy loam or sandy soil, and to take extra 
precautions in forming the joints. A minimum covering of 2 feet 
over the top of the pipe is sometimes specified in adobe soil. 
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Some soil will settle when first irrigated and this settlement will 
often allow the pipe line to settle also and cause cracks. If this type 
of soil is encountered, the bottom of the trench should be thoroughly 
soaked and settled before laying the pipe. 

Probably the greatest trouble with breaks and leaks in concrete 
pipe lines is caused by expansion and contraction. It is common 
knowledge that concrete expands with a rise in temperature, but it 
is not so generally known that it also expands when saturated and 
contracts when becoming dry. It may surprise some to learn that a 
thoroughly air-dried pipe may contract as much in the process as 
it would under a fall of temperature of 100° F. In such cases 
cracks 0.18 of an inch every 25 feet or so are liable to appear. These 
cracks may close up when the pipe is refilled with water, or trash 
such as small particles of rock, sand or tree roots may enter and pre- 
vent closure. 

The contraction due to pipe drying out often takes place after the 
pipe line has been in use for one or more seasons. For this reason 
it is common for a farmer to have to repair his pipe at the beginning 
of every irrigation season. The change of temperature in a pipe that 
is buried deep, especially when under the shade of large fruit trees, 
is very small. Usually, however, the pipe becomes thoroughly dried 
during the season of non-use and this drying out process is hastened 
when orchard distributing stands are left open. 

In this connection it may be stated that a great deal of trouble is 
experienced where pipe is installed in desert regions. In such places 
the range of temperature and the drying-out process on the part of the 
pipe are at a maximum. A sudden contraction of 7 inches when a 
section of pipe was cut out is recorded. Expansion of pipe due to 
wetting will often crush diversion boxes or rehef stands, and in ex- 
treme cases the pipe itself has crushed or telescoped. Pipe is also 
cracked at curves from the same cause. One manufacturer in the 
San Fernando Valley, Calif., has recorded a case where a 12-inch 
pipe laid in a straight line for a distance of 4,000 feet, expanded 18 
inches through a diversion box. There are numerous cases where 
such stands have been crushed due to expansion of the connecting 
pipe line. 

If the pipe can be anchored, either by concrete anchors at intervals 
or by reinforcing the bottoms of relief or diversion stands, failure 
by expansion may be guarded against, since concrete in compression 
should have sufficient strength to prevent the crushing of the pipe. 
On the other hand concrete is relatively weak in tension and the 
pipe is certain to crack when sufficient contraction occurs. ‘The 
spacing of contraction cracks will depend upon the strength of the 
pipe and joints, and the force tending to hold the pipe in place. The 
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weight of the pipe and earth pressure over it are usually the forces 
tending to prevent the pipe moving, therefore contraction cracks will 
occur when the strength of the pipe in tension is not sufficient to pull 
a certain length of pipe. There are a number of formulae for 
estimating the distance apart that contraction cracks will appear, 
but no records have been found where experiments were carried on 
in the field. It is probably safe to expect pipe of small diameters to 
crack about every 25 to 40 feet when laid under unfavorable conditions 
and subjected to sufficient contractive power. Contraction cracks 
usually appear at the joints, although at times the pipe is broken. 

There are two methods of reducing to a minimum the trouble with 
expansion or contraction. The first is to lay the pipe under favorable 
conditions, the second is to provide expansion joints at frequent 
intervals. | 

Favorable conditions for laying concrete pipe depend upon tem- 
perature, moisture in the pipe when laid, and moisture in the ground. 
Pipe laid in winter, when the ground is moist from rains, seldom 
gives trouble, especially if the pipe is kept continually full of water 
after being laid. Pipe laid in sandy soil, when the ground is hot and 
dry, is almost certain to develop contraction cracks unless water is’ 
turned in promptly. If it is necessary to lay pipe in hot, sandy soil, 
the trench should be deep and the backfill kept moist until water can 
be turned in. As bands and joints set very rapidly, pipe can often be 
filled with water 24 hours after laying. Heavier soil containing 
moisture will protect pipe from drying out. If the pipe is dry when 
laid, and the soil is dry and warm, there will probably be little change 
in the length of the pipe until it is filled with water, but when the 
pipe is thoroughly soaked there is lable to be considerable expansion. 
This accounts for expansion troubles that are so common under 
clesert conditions. If the movement of pipe due to expansion is pre- 
vented, no trouble may be experienced thereafter, as the elasticity 
of the concrete may prevent contraction when the pipe is dried out 
again after the first irrigation. Some engineers have advocated that 
the pipe be wetted before laying in desert soil, but this would not 
seem to be good practice because if the soil is dry the pipe would 
soon become dry too, causing contraction cracks, before the water 
was turned in. It would seem a good plan to have the pipe as cool 
as practicable before laying under the above conditions, as the pipe 
that is placed along the trench in the hot sun before being laid 
cools off when covered with the backfill, and this will cause con- 
traction. It should be possible in many cases to lay pipe so that 
expansion due to wetting the pipe when first laid in the trench will 
counteract the contraction due to cooling off when covered with soil. 
The safest procedure to be followed in laying pipe in the desert in 
the summer is to do the work at night, when the temperature is low, 
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but it is desirable that all irrigation systems in such localities be 
installed in the fall or winter. In any case it is best to allow the pipe 
to assume its permanent length in the trench before the mortar in 
the joints has thoroughly hardened, and to fill the pipe soon and keep 
it full of water continually thereafter. 

There is one 8-inch stock, unreinforced concrete pipe laid in the 
desert soil of Antelope Valley, Calif., that is under a continual pres- 
sure of about 80-foot head. No leaks have been observed in this pipe 
since the water was turned in over two years ago. ‘This pipe is always 
full, the water which it conveys being used for domestic purposes as 
well as irrigation. Other pipes in the same locality are continually 
giving trouble, and in most cases such trouble can be traced to the 
alternate wetting and drying out of the pipe. 

There is little doubt that the best engineering practice to be fol- 
lowed in laying concrete pipe is to provide expansion joints at fre- 
quent intervals. Effective expansion joints will allow the pipe to be 
in longitudinal equilibrium at all times, and thus protect the pipe 
from stresses which may cause failure. Practically all engineers have 
provided expansion joimts in buildings, retaining walls, concrete 
bridges, and other important structures, yet such joints in concrete 
pipe lines are comparatively unknown. Of course, temperature 
changes are less in buried concrete pipe than in many structures, but 
as has been stated, expansion due to a saturated or even moist condi- 
tion may be considerable. 

It is not difficult to provide expansion joints for pipe that does not 
carry water under pressure. One contractor has telescoped an 8-inch 
pipe in a 12-inch, calking part of the space between the pipe with 
burlap and then filling with tar or asphalt, finishing off the joint by 
ealking with burlap. This joint will answer for low heads. Tar 
or roofing paper has also been used for pipes under very low heads 
or running less than full. The tar paper is wired to the outside of 
the adjoining pipes over the joint, the pipe is not butted close together, 
and the space filled with an asphalt mixture. A strip of galvanized 
sheet metal is placed under the joint inside the pipe to hold the asphalt 
in place. Clay pipe or concrete pipe made with a bell end is some- 
times laid by pouring hot asphalt into every joint. There should be 
no expansion troubles with this installation if the pressure is not 
sufficient to force the asphalt mixture from the joints. Expansion 
joints have been made by painting heavy oil over one end of the abut- 
ting joints and then cementing a band of mortar over the joint, but 
it 1s doubtful if this joint will shp except under the most favorable 
conditions. Expansion joints have also been formed by placing an 
oiled thimble of galvanized sheet iron in the center of the shell of a 
joint of pipe after one-half of the pipe has been made and while the 
concrete is still in the molds, pouring asphalt over the ends of the 
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joint after the thimble has been forced halfway down into the lower 
half of the pipe, as shown in figure 4+. The remainder of the joint is 
then finished. The concrete is expected to slide over this metal strip. 
Joints made in this manner in the laboratory leaked badly when 
under pressure where a prepared asphalt compound was used to coat 
the metal strip. If oil be used, it is probable that the bond would be 
too strong to allow slipping. 

A simple expansion joint (fig. 5) has been tried out that seems 
to work well under all conditions. A strip or thimble of copper 
or lead is welded to make a continuous ring, which is about 4 
inches wide and the same diameter as the center of the shell of the 
pipe. This strip is then crimped and cemented into a short section 
of pipe. When the pipe expands or contracts the crimp in the 
metal gives. Such joints have been found to be water-tight under 
125 feet head. 
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Fic. 4—Expansion joints for very low pressure. 


Expansion joints are made and sold by steel pipe manufacturers 
that are adapted to the use of steel pipe. Such joints are expensive 
and are not advisable except under unusual conditions. Bolted 
joints fitted with rubber gaskets that are commonly used with 
riveted steel pipe can be used, and will be found to be much cheaper 
than the commercial expansion joints. Cast-iron collars that fit 
over the joint and are packed with oakum and asphalt, represent 
another type. One engineer has suggested using a short length of 
light weight corrugated iron pipe to be cemented at intervals in the 
concrete pipe line. Any expansion joint made with steel or iron is 
subject to corrosion, however. 

Alkali will sometimes disintegrate concrete drain tile and may 
attack a porous, dry mixed pipe when used for irrigation. Drain 
tile is subjected to the most unfavorable conditions. The tile 1s 
laid where the alkali salts are continually being drained into it. 
The joints are not cemented and the tile is often only partly full of 
water. Drain tile is often made inferior to irrigation pipe, the 
small sizes being made of sand and cement only, with a deficiency of 
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cement. Jt may not be tamped properly and is nearly always made 
from a very dry mixture. 

Irrigation pipe if kept full of water free from alkali salts, tends 
to exclude ground water containing alka, from the shell of the pipe. 
If the pipe is under pressure, there seems to be little chance of alkali 
salts entering the pores of the pipe from the outside. ‘Then too, irri- 
gation pipe is usually laid on the higher parts of the land that are 
freest from alkali. Culverts of poor grade of concrete pipe used for 
road crossings have been observed to be almost eaten away when ex- 
posed to water strongly saturated with alkali. On the contrary, irri- 
gation pipe of a good grade of concrete buried in compact soils 1m- 
pregnated with alltel ape cont to these culverts has pean found to be 
entirely sound. 

Briefly stated, the sulphates and magnesia salts seem to be the most 
harmful, but dienes concrete made from wet mixtures is usually very 
little affected. It has been suggested that drain tile laid in alkali 
soils be made at least of a one to three mixture of cement to agegre- 
gates. It is probable that a much leaner mixture can be used for low- 
pressure pipe, if care is taken to grade the sand and rock in the aggre- 
gate. Rock dust, clay, or even silt may be added to the mixture to 
make an impervious pipe. In any case the pipe should be made from 
a wet mixture and thoroughly tamped or compressed. 

Another source of failure in concrete pipe is the rupture of the 
pipe due to sudden increases of pressure, which may be caused by 
water hammer. Water hammer is especially troublesome where 
water is pumped directly into a pipe line and where the pipe is of con- 
siderable length and runs up grade from the pump. If the pump is 
started and stopped gradually, the extra pressure due to water ham- 
mer will be slight, but if the pump is suddenly stopped, pressures 
will sometimes increase two or even three times above normal. The 
same thing may be caused if a valve in the discharge main from the 
pump is suddenly closed. Increased pressures may be recorded in any 
pipe that is running at full capacity under pressure, if a valve is sud- 
denly closed. 

The usual method of preventing breaks from water hammer is to 
provide a standpipe. The standpipe or relief stand should be high 
enough to allow for grade and friction in the pipe when running at 
full capacity and should be about the same diameter as the main, 
although large mains are often protected by standpipes of consider- 
ably less diameter than the main. If pressures are increased sud- 
denly, water will rise in the standpipe and overflow, thus relieving 
the pressure in the line. For stands 25 feet in height and under, 
concrete pipe can be used. It is good practice to reinforce the first 
two or three joints if high stands are used, or pipe of larger diameter 
can be used for the first two or three joints. One standpipe near 
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Saugus, Calif., is 80 feet high and was built to protect a 16-inch rein- 
forced concrete pipe that runs gradually up grade for over 2,000 feet. 
The standpipe is made cf 12-inch riveted steel pipe, supported by a 
steel windmill tower. 

Open boxes of concrete are built to about 15 feet in height and act 
as relief stands and at the same time are used as diversion boxes or 
for measuring water over weirs. 

Where pressures are too great to permit the installation of a stand- 
pipe, it is common to use air drums to relieve back pressure. Air 
drums are chambers that are partly full of air, the elasticity of the 
air preventing excessive pressures o1 the pipe. Air chambers have 
been used successfully in some installations, but there are so many 
cases of the air chamber being waterlogged at a critical time that a 
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Fic. 5.—Expansion joints for high pressure. 


number have been replaced by relief stands. Some air drums are 
equipped with an automatic air pump that keeps the chamber filled 
with the proper proportion of air, but as any such apparatus is lable 
to get out of order, the air drum may be worthless when needed the 
mest. There are some instances on record where air pumps have de- 
livered an excess of air which has caused large bubbles of air to col- 
lect in the main. 

Relief valves have also been used. These are so adjusted that an 
excess of pressure will open them and let out enough water to bring 
down the pressure in the pipe. Relief valves are not in great favor, 
however, as they may stick under high pressures or blow off under 
small variations of pressure which occur when a pump is directly 
connected to a main. 

Check valves have been installed at intervals along a main leading 
from a pump but have met with little success. Unless provision is 
made to allow some water to escape at the pump when it is suddenly 
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stopped, it is not to be expected that enough water will run back to 
close a check valve. Water is incompressible and pressure alone may 
be transmitted back to the pump without any appreciable back move- 
ment of the water. 

The Whittier Water Co. has equipped electric motors with heavy 
flywheels directly connected to centrifugal pumps, in order to re- 
duce the water hammer. Gasoline engines have also been equipped 
with extra heavy flywheels, the engine being connected by gears to 
the pump. The function of a flywheel on an electric motor is to pre- 
vent a sudden stopping or starting of the pump, as the momentum 
of the flywheels will keep the pump going for about one minute 
after the power is turned off. Heavy flywheels on gasoline engines 
serve the same purpose. If a belt is used to connect engine or motor 
with pump, however, the flywheel would be of no use in case the power 
is suddenly shut off, as the belt would then slip off or break. 

The engineer in charge of this work has reported excellent results 
from the use of fiywheels, and has installed them in many of the 
pumping plants of the company. He has torn down standpipes as 
being less effective, and is of the opinion that blow-off valves and 
check valves are either worthless or else a never-ending source of 
annoyance. | 

When concrete pipe is directly connected to a centrifugal pump, the 
best practice is to eliminate any check valve and substitute a slow- 
closing gate valve on the discharge pipe of the pump. When the 
pump is started the valve can be opened slowly and thus prevent a 
dangerous increase of pressure on the pipe. The valve can be closed 
slowly when the pump is stopped and thus prevent water hammer. 
In case of an accidental stoppage of the power water will run down 
the well until the valve is closed. 


DESIGN OF PIPE SYSTEMS FOR IRRIGATION. 


The design of an irrigation system for a new tract where pipe is 
to be used differs in many respects from that where all water is 
carried in open ditches. The chief difference in design is due to 
the fact that well-made concrete pipe may be depended upon to 
carry water under pressure. ‘Thus it is possible to eliminate devious 
routes of main ditches that must be located on grade. It is best, how- 
ever, to make accurate contour surveys of large tracts that are to be 
irrigated by pipe. Contour maps should also be made of all possible 
routes of main lines and each subdivision should have contour inter- 
vals plotted close enough to enable the engineer to design economically 
the sizes of laterals and their location and to indicate how the indi- 
vidual units should be graded for effective irrigation. 
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Five-foot contour intervals may be close enough for estimating the 
location of the main pipe in hilly country, but 1t may be necessary 
to plot 1-foot or even 6-inch contour intervals on flat valley land. 
Furthermore the entire system should be designed before any con- 
struction work is begun. 

Tracts for new colonies under the control of the Land Settlement 
Board of the State of California have been carefully surveyed 
throughout. The location of pipe lines has been determined and 
the sizes and location of each subdivision carefully considered. 
Contour intervals have been plotted accurately enough to allow 
all surface grading to be laid out before the farm is ready for 
water. The size of each subdivision is determined by the character 
of the soil and the methods adopted for irrigation and drainage. 
The location of the laterals is also determined by the prevailing 
grades of each unit to be watered and the kind of crops to be grown. 
Land for alfalfa usually has comparatively flat slopes, while orchard 
land may be very uneven providing pressure pipe is used. 

Hilly land that has recently been subdivided: for citrus orchards is 
frequently irrigated with little or no grading, even though the 
separate tracts may be very uneven. In this case pipe lines are con- 
structed along ridges, feeding all the high knolls. Tree rows may 
be laid out in squares, or may be set out with respect to contours 
only. ‘If contour or terrace planting is necessary it is usually possible 
to irrigate in two directions from one field lateral. 

The sizes of pipe needed for a given tract will depend upon the 
acreage to be served, the grades of the pipe lines, the smoothness of 
the interior surface of the pipe, the water requirements of crops, the 
character of the soil, and the slope of the land. If the source of 
water is a reservoir at a considerable elevation above the lands to be 
irrigated, it may be possible to install pressure pipe that will carry 
water at a high velocity. If pressures exceed 50 feet in head it is 
common to install steel, reinforced concrete, or wood pipe. It is often 
practicable, however, to control the pressure of the main by suitable 
relief stands so that concrete pipe of larger diameter can be used. 
The latter practice is usual in recent installations. The smoothness 
of the interior of the pipe will also affect its carrying capacity. 

The following table is compiled from data collected in the field 
by Fred C. Scobey, senior irrigation engineer of the Bureau of Pub- 
lic Roads.* The table is not complete but has been arranged to give 
approximate carrying capacities of concrete pipe under ordinary 
working conditions and for average pipe. Especially smooth pipe 
will have larger capacities and very rough pipe much lower. for 
average conditions small sizes should not be figured too closely. 
Probably pipe up to 12 inches diameter should be computed to 


3‘* The Flow of Water in Concrete Pipe.” Bulletin 852, U. S. Dept. of Agr. 
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carry about 20 per cent more water than shown by table, especially 
where there is danger of any clogging by débris, or pipe is very rough. 


Table gives the carrying capacities of concrete pipe in miner’s inches computed 
to the nearest. 5 miner’s inches.* 


[Fall in feet per 100 feet. ] 


Diameter of pipe. 0.1 0.2 0.3 0.4 0.5 1.0 2.5 5.0 
Miner’s | Miner’s | Miner’s | Miner’s | Miner’s | Miner’s | Miner’s | Miner’s 
inches. inches. inches. inches. inches. inches. inches. inches. 
GIN CHES Fase nose secine 10 1 15 2 2 30 45 60: 
Sinchessssecce casas 20 25 35 40 45 60 85 140: 
Od Chesser essen 35 50 60 70 80 MO. 180 250 
PimiGhesseeeee see 60 80 110 115 120 180 Da Mswas eee 
Ifiniehes#. 205. .22<25< 85 120 150 170 200 275 ADO) inte ee eae 
IGMACIOS. soogcdooshee 120 170 210 235 275 400 GOO! |S sthse eee 
[RIN ChHESe Assseseeeee 160 230 285 330 450 550 S25on ase ere ee 
QIN Cheshease seek 225 310 380. 435 500 700 IMO Seacuadsas 
DAITINCHES Saeco eee 275 400 485 525 625 900 LA0OK ister 
MINAS 505 cs5ebosese 350 500 620 710 800 ESO i arte a iateiercictel|ts singeteree eis 
Shave oS oon oeooodes 650 900 1, 100 1, 275 NAD Dell ete yerchare real aye thers sete linerevenen athe 


1 One miner’s inch is here equivalent to the one-fiftieth part of a second-foot and is nearly equal to 9 
gallons per minute. 

Engineers and pipe contractors will have no trouble in interpret- 
ing the above table, but for the convenience of irrigators without 
engineering experience, a few examples will be given to enable them 
to estimate sizes of pipe for various conditions. 

The retarding influence to flow of water known as friction is com- 
mon to all pipes, the intensity of the friction increasing with the ve- 
locity of the water and the roughness of the pipe. If the pipe is laid 
down grade the fall may be sufficient to overcome friction. When the 
water is pumped if the fall is not enough te carry the desired quantity 
then the water will rise in the standpipe at the entrance until there is 
sufficient head to force the water through. Of course if the stand is 
not high enough water will spill over the top. If the pipe runs up 
hill, when water is pumped, the delivery box or relief stand at the 
pump end must be high enough to overcome the difference in eleva- 
tion between the entrance and outlet of the pipe, plus the head re-— 
quired to overcome friction in the pipe. In practice such standpipes 
should not be high enough to develop unsafe pressures on the pipe. 
Example 1. 

Assume that an irrigator has acquired the right to the use of 200 
miner’s inches of water and wishes to install a pipe to carry this 
amount to his farm, a distance of 2,000 feet. If levels show there is 
a total fall of 6 feet between entrance and outlet, he will have a fall of 
0.3 foot per 100 feet. From the table under vertical column of 0.3 
(fall per 100 feet) it is seen that a 16-inch pipe will carry 210 miner’s 
inches. If he can fill the standpipe at entrance 4 feet deep, he will 
have 4 feet additional head on the pipe, or a total head of 10 feet (in- 
cluding fall). This gives him 0.5 foot fall per 100 feet. The table 

3445°—21—_44 ° 


26 BULLETIN 906, U. S. DEPARTMENT OF AGRICULTURE. 


shows that a 14-inch pipe will carry 200 inches under these conditions. 
(In taking levels the actual difference in elevation between the point 
of entrance and the point where water is discharged must be taken. 
If water is discharged over distributing stand, the elevation of top of 
the stand must be taken.) 

Example -2. 

Assume an orchard lateral is run down a steep grade of 5 feet. 
per 100 feet, which is not uncommon in hillside tracts. It will be 
seen from fhe table that a 6-inch pipe will carry 60 miner’s inches of 
water, but if a lateral is taken off this line that falls only 0.1 foot 
per 100 feet, the table shows that a 12-inch pipe will be needed to 
carry the same amount of water. If the lateral runs across a 10-acre 
tract or 660 feet and the delivery stand carries a head of 6 feet, we 
will have a total head available of 1 foot pee 100 feet, requiring 
only an 8-inch pipe. 

If grades vary, where open stands are frequent, allowing little or 
no pressure in the pipe, the diameters of the pipe should vary with 
the grade, especially where the variation is considerable. On the 
other hand, if the pipe is under pressure from one end to the other 
and there are no relief stands, the pipe should be the same diameter 
throughout its entire length. 

Too many pipe contractors guess at the sizes of pipe to use and pay 
little or no attention to grades. Usually however, they are on the 
safe side where water runs down hill although the pipe may be several 
sizes larger. than necessary. On the other hand, it is common for 
inexperienced men to install undersized pressure pipe that is used 
for pumping, which means that the pump must be burdened with 
additional lift in order to overcome the excessive frictional resistance 
in the small pipe. If concrete pipe is directly connected to a pump, 
the pipe may burst from excessive pressures, although the actual ele- 
vation between the pump and outlet may be small, the total head 
due to excessive friction causing failure. For example, it can be 
seen from the table that if 250 miner’s inches are pumped into a 10- 
inch pipe that is laid on the level, friction will cause a head of 5 
feet for every 100 feet length, or a total head at the pump of 50 feet, 
if the pipe is 1,000 feet long. 

It is wise to keep concrete pipe under as low heads as possible and 
where pressure is to be applied care should be taken to get the best — 
quality of pipe. “It is often possible to control pressures on pipes 
especially where there is a constant down grade. If the pipe is not 
fitted with outlets open at the top, or other means of relieving pres- 
sure such as overflow stands, open diversion boxes and so on, the 
pressure on the lower end of the pipe will increase as the pipe fills, 
and the lower sections may fail from excessive pressure. It is a 
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mistake to depend on valves that may be closed entirely to relieve 
pressures, as such valves may all be closed at one time. Safety 
devices will be discussed under another heading. 


SETTLING BASINS AND SCREENS. 


Settling basins (fig. 6) should be installed in a pipe line where 
vegetable or earthy material may clog the pipe. Settling basins 
are often necessary where water is carried from a hilly territory in 
an open ditch, as such conditions are favorable for picking up débris, 
and where the ditch terminates at the beginning of-a pipe line. It 
is usual in this case to install the basin at the junction of the ditch 
and pipe line as shown in figure 7. The dimensions of the settling 
basin depend upon the quantity of solid material transported in the 
ditch or pipe line. It must be large enough in area to check the 
velocity of the water sufficiently to allow the solid particles to settle, 
and deep enough to collect sand and other trash for a considerable 
period, otherwise it will require cleaning at too frequent intervals. 
Ordinary sand is transported in a pipe or ditch at a velocity of 
about one-half to two-thirds foot per second and fine gravel at an 
average velocity of about 1 foot per second. If the grades are such 
that velocities suddenly become too low to carry solid particles, 
settling basins should be installed or the pipe is hable to become 
clogged. Small settling basins, such as are installed at the intake 
of a field lateral with a main pipe or ditch, are usually cleaned out 
by hand. Large basins in main ditches should be located so that the 
sand can be flushed out. If a ditch runs parallel to a river bed or 
natural drain it is usual to install basins so that the waste will flush 
into the river or drain. Basins are also provided at points where the 
pipe crosses a ravine or other waterway. In this case solid materials 
can be flushed out readily. In case of flat grades, however, it is 
necessary to clean out the collected material by hand. 

Screens are often installed with settling basins for small lateral 
ditches that carry a large quantity of floating trash, in order to 
prevent orchard valves from becoming clogged. Some are placed 
in the basin at an angle of about 30 degrees to the vertical. In other 
cases multiple screens (fig. 6) are inserted in grooves. The one 
nearest the intake pipe may be of chicken wire having about 14 
inch clear openings and each successive screen having a finer mesh of 
wire down to one-half or one-eighth of an inch. The first screen 
collects the larger trash such as leaves and small floating sticks, while 
the other screens catch the finer particles. The screens are made on 
frames that slide in grooves in the sides of the concrete box and can — 
be readily removed and cleaned. 

Tf trash is carried in large quantities it is often necessary to devise 
some method of greatly increasing the screened area. This may be 
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done by building a screen completely around the outlet pipe. Some 
screens are built in the form of a long narrow trough which is 
screened on all sides, the outlet being beneath the screen. Such a 
screen can be set in an open ditch that is widened out a little at the 
pipe inlet. 

Screens have also been designed that are self cleaning, reliance 
being placed on the velocity of the water to keep the screens open. 
Care should always be taken to prevent trash entering a ditch or 
pipe line where water is finally distributed through orchard hydrants 
having small openings. It is especially necessary to take proper 


Fic. 6.—Settling basin and screens. 


precautions at the intake where the water is diverted from a flowing 
stream. For comparatively small heads of water it is sometimes 
possible to bury the first 20 or 30 feet of pipe under the stream bed 
laying the pipe with open joints and covering it with gravel. This 
will prevent all floating material entering the pipe and should keep 
out the sand. Some comparatively large mains have been protected 
at the intake in this manner. 

Open ditches bordered by shade trees are continually gathering 
leaves which are particularly harmful in clogging screens, as the 
leaves will fiatten out against a fine mesh screen and may completely 
obstruct the flow of water. 

Where pipes are fed by open ditches and have sufficient grade so 
that the velocity of water will transport sand or small gravel, the 
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entrance to the pipe is commonly protected by iron bars set on an 
angle in front of the pipe entrance. The bars may be spaced 6 inches 
or more apart. Such protection will prevent boards and large tree 
branches entering the pipe. 


AIR VENTS. 


When air is drawn into a pipe carrying water, being lighter than 
the water, it tends to collect at the highest points of the line. Such 
accumulations of air lessen the water-carrying capacity of the pipe 
and may obstruct it altogether. To guard against occurrences of 
this kind means should be provided to allow the entrapped air to 
escape into the atmosphere. One of the safest and best means of 


Fic. 7.—Showing long screen at junction of open ditch and pipe line. Weir box and auto- 
matic register at left of picture. 


doing this is by the insertion of standpipes at all points where air 
is hable to collect. These standpipes need not be large for the 
average sizes of pipe. They are not only automatic but continuous 
m their action. For lateral pipes a galvanized-iron pipe 1 inch 
in diameter and covered with a perforated cap and protected by a 
substantial post makes a cheap and serviceable air vent. It is also 
good practice to get rid of the air as soon as it enters the pipe by 
inserting standpipes near each intake, care being taken in all cases to 
extend the air pipe far enough above the pipe so that its top will 
be well above the hydraulic grade line, or in other words, above the 
head to which water will rise. 

Where standpipes can not be used the confined air may be released 
by the use of automatic air valves which can be inserted on pipes 
under medium and high pressures. One of the simplest of these is 
a spherical rubber ball which is pressed tightly against the circular 
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opening when the pipe is full of water, but which falls down when 
the water is lowered by the collection of air. Another kind operates 
by means of a float and lever, the lowering of the float causing the 
air valve to open and discharge the entrapped air. 


RELIEF STANDS. 


Where steel or wood pipe is used to carry irrigation water, it is not. 
customary to make provisions for relief of pressure except in long 
lines that are laid on heavy grades. Concrete pipe, however, unless 
reinforced is only intended for 
low heads and provision must 
be taken to prevent high pres- 
sures. 

Where a pipe is laid down 
a long grade, and is large 
enough to carry all the water 
running less than full, there 
will be little or no head on 
the pipe when outlets are pro- 
vided at frequent intervals 
with their tops always open, 
but as it is usual to provide 
shut-off gates to divert water, 
pressures may increase to such 
an extent as to break the pipe 
when all gates are closed un- 
less proper precautions are 
taken to guard against such 
conditions arising. 

The ordinary open diversion 
box is fitted with gates that 
| divert water by closing the 
gate on the outlet pipe only, the gate being kept tight by water 
pressure against it. In this case the water can not back up in the 
pipe and form a dangerous head, since the water in the box will 
overflow, but where the pipe will withstand 20 to 30 feet head, 
and it is desirous to force water along a lateral that runs up 
hill 15 feet or more, it is not feasible to construct the ordinary 
diversion box, as such a box would have to be too high to be con- 
veniently accessible. In this case, pressure gates may be provided 
that close the inlet pipe providing there is an open stand above the 
gate that will relieve the pressure. Another plan is to provide an 
overflow stand that will maintain a constant head at the point of 
diversion, the excess water spilling over into the main. Two vertical 


Fic. 8.—Overflow and relief stand. 
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open stands made of concrete pipe cemented together may be used 
for this purpose. The water will rise in the pipe connected to the 
inlet, and flow over a crest or notch into the other pipe, and thence 
into the main (figs. 8 and 9). The lateral pipe leading from this 
stand requires no gate, as the pressure will remain constant, allowing 
no excessive pressures to accumulate in the lateral. Ifa lateral slopes 
down grade from an overflow stand it is usual to provide a shut-off 
gate where the lateral branches off from the stand. The gate may 
be set in a low auxiliary stand that is cemented to the side of the 
main relief stand. 
Some relief stands 
consist of one large 
standpipe of  sufli- 
cient diameter to 
allow an_ overflow 
pipe being placed in- 
side of it (fig. 10). 
Some orchard _lat- 
-erals have a 12-inch 
stand 6 to 18 feet 
high fitted with a 6- 
inch spillway pipe 
inside, the 6-inch 
pipe extending to a 
foot or so of the top 
of the 12-inch pipe. 
In this case water is 
diverted to the side 
lateral from the 12- 
inch pipe, the excess 
of water spilling 
down the 6-inch pipe : 
into the main. There Fic. 9.—Overfiow pipe in rear and small diversion box in 
are a number of ei 

modifications of this. principle that will be taken up in detail under 
the subject of diversion boxes and pipe structures. 

N early all measuring devices act as relief stands, especially weirs, 
miner’s-inch boxes, and ordinary recording Ansieavon meters, as anal 
devices are Srerelled to allow the free flow of water over a crest in 
an open box. 


MEASURING DEVICES FOR PIPE IRRIGATION SYSTEMS. 


A number of devices are in use to measure the flow of water 
through pipes and laterals and from pumping plants and reservoirs. 
Of these the following are briefly discussed—Venturi meters, weirs, 
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miner s-inch boxes, automatic registers, and other mechanical record- 
ing devices. 
Venturi meters. 

These make use of the Venturi principie = forcing water through 
a small throat in a pipe, thereby converting most of the static into 
velocity head. By keeping a continuous record of the normal static 


pressure and also the pressure at the throat the flow of water at any . 


time can be com- 
puted for a meter of 
a given size. Meters 
of this type are in- 
stalled on main pipe 
lines when it is de- 
sired to keep a con- 
tinuous record of the 
total quantity of 
water delivered to 
any system. They 
might also be in- 
stalled advanta- 
geously on lateral 
pipe lines were it not 
for their first cost, 
since they have no 
moving parts liable 
to be obstructed or 


leaves, or other ma- 
terial carried by the 
water. 

Weirs. 

The weir is the 
most commonly used 
device for measuring water in open ditches and canals. It is more 
difficult to adapt it to pipe systems, and when this has been attempted 
due consideration has seldom been given to the effects produced on 
the accuracy of the measurement by seemingly trivial changes from 
the standard specifications. One of the essential requirements of 
the weir is that the water shall approach the weir notch at a slow 
velocity and unaffected by eddies or cross-currents. These condi- 
tions are seldom fulfilled when water issues from a pipe directly 
above the weir. 


Fic. 10.—Twelve-inch overfow stand with 6-inch pipe inside. 


clogged by sand, 
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Several years ago, a large number of experiments were conducted 
by V. M. Cone of this bureau at the hydraulic laboratory at Fort 
Collins, Colo., on the flow of water through weir notches.‘ 

In figure 11 is outlined the inside dimensions of a standard weir 
box to measure water within 1 per cent of accuracy in accordance 
with the different volumes specified in Table 1. In Table 2 is given 
in cubic feet per second the discharge through rectangular weirs from 
1 to 4 feet in length and for varying heads. 

Table 3 gives the percentage of error which occurs when changes 
from the standard form are introduced. Thus the effect of side con- 
tractions (C in figure 11) is seen in the increase in error of a 1-foot 
weir and a 6-inch head from less than 1 per cent to 4 per cent when 
the distance of the sides from the end of the crest is reduced from 
2 feet to 6 inches as shown in figure 12. 
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Fic. 11.—Standard 18-inch weir based on dimensions given in table. 


TABLE 1.—Weir-box dimensions for rectangular notch weirs. 


[ All dimensions in feet. The letters at the heads of the columns in this table refer to figure 11.] 


RECTANGULAR WEIRS. 


1Bt, L. A, K, Bs E.a C. D. F.b G.¢ 

Length} Length as | 
Flow (second-feet). | Maxi- | Length] of box | of box | Total | Total | End of} Crest moe - as 
mum |ofweir| above | below | width | depth | crest to eae eae 


head. | orest. weir weir | of box.| of box. | toside. |bottom. 
- notch. | notch. 


a |! | | fe | | | | | 


FLOSS et eee 1.0 1 6 2 5k 3h Qh 2 4 2 
Cin avt Bo Meee ae ee igi 13 7 3 7 4 28 Qh 44 2 
4to8.. i150) 2 8 4 8h 43 3h EH 5 2} 
Biildin es ee 1.3 3 9 5 12 5 4h 31 5k 3 
IgG) Owe ee becomes 1.5 4 10 6 14 5k 5 3h 6 | 3 


4 For further information the reader is referred to Farmers’ Bulletin 813 on the Con- 
struction and Use of Farm Weirs, by V. M. Cone. 
a This distance allows for about 4 foot freeboard above highest water levelin weir box. 
b Equals distance from crest upstream to gauge. 
c Equals distance from end of crest over to gauge. 
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TABLE 2.—Discharge tables for rectangular weirs. 


0.566748, 


Computed from the formula Q=3.247 L.8—s one +218, 2: 


| 
a 


| Discharge in cubic feet per second | Discharge in cubic feet per second 
Head | Head | for crests of various lengths. | Head | Head for crests of various lengths. 
in in| | in in 
feet. | inches. | | || feet. | inches. ] 1 
| 1 foot. \1.5feet. 2 feet. | 3 feet. | 4 feet. | 1 foot. |1.5feet.| 2 feet. | 3 feet. |4 feet. 
pb I Sway ee fete a ae Pie nice ed ale | | ages sal a a | pe ee | 
0.20 23 | 0.291 | 0.439 0.588 | 0.887] 1.19 || .86 105, | 2.46} 3.72] 5.01 | 7.59 | 10.19 
21 23 .312 | .472| .632| 954 1.28 || 87 10, | 2.50] 3.79} 5.10] 7.72] 10.36 
22 28 -335 | .505 | .677 | 1.02 eye .88 10%, | 2.54] 3.85 | 5.18] 7.85 | 10.54 
vA oe: .358 | .539 | .723 | 1.09 1.46 | .89 103. | 2.58] 3.92| 5.27] 7.99 | 10.71 
24 27 .380 | .574| .769 | 1.16 1.55 | .90 1033 | 2.62] 3.98] 5.35] 8.12 | 10.89 
25 3 .404| .609| .817/]) 123 1.65 | 91 1018 | 2.67| 4.05] 5.44} 8.25 | 11.07 
. 26 32 -428°| .646 | .865 | 1.31 1.75 | 92 lif; | 2.71} 4.11 | 5.53] 8.38 | 11.25 
7 31 .452 | .682| .914 | 1.38 1.85 | 93 118, | 2.75] 4.18 | 5.62] 8.52 | 11.43 
.28 33 -477 | .720| .965 | 1.46 1.95 | 94 112 | 2.79] 4.24] 5.71] 8.65 | 11.61 
.29 3h 502 |: .758 | 1.02 | 1.53 2.05 95 112 | 2.84] 4.31] 5.80] 8.79 | 11.79 
-30 33 .527 | .796 | 1.07 | 1.61 2.16 96 114 | 2.88] 4.37] 5.89] 8.93 | 11.98 
33 33 | .553] .836| 1.12 | 1.69 2.26 | 97 118 | 2.93] 4.44] 5.98 9.06 | 12.16 
32 313 | .580 | .876 | 1.18 ~| 1.77 2.37. | -98 112 | 2.97] 4.51 | 6.07] 9.20 | 12.34 
33 313 | .606] .916 | 1.23 | 1.86 | 2.48 | .99 112" | S701 ata 1° 6 in 9-3 aes 
.34 44. | .634 | .957 | 1.28 | 1.94 2.60 | 1.00 12 3.06] 4.64] 6.25] 9.48 ! 12.72 
35 43. | .661 | .999 | 1.34 | 2.02 2.71 |} 1.01 1929 [tes 4.71 | 6.34] 9.62 | 12.91 
-36 43, | .688 | 1.04 | 1.40 | 2.11 2.82 |} 1.02 [pA Em een ee 4.78 | 6.43-| 9.76 1.10 
.37 42 | .717| 1.08 | 1.45 | 2.20 2.94 |} 1.03 1Dee aes 4.85] 6.52] 9.90 | 13.28 
.38 42 | -.745 | 1.13-] 1.51 | 2:98 | 3.064] 1-04 ie oo (ee 492] 6.62] 10 04 | 13.47 
.39 aa A | ANT 57 Psy es AS 1.05 (1S a earls 4.98 | 671 | 10.18 | 13.66 
.40 44s] .804 | 1.21 | 1.63 | 2.46 | 3:30]. 1.06 DELON flees See 5.05 | 6.80 | 10.32 | 13.85 
41 413 | .833 | 1.26 | 1.69 | 2.55 | 3.42 1.07 ES ene 5.12] 6.90! 10.46 | 14.04 
.42 Sis | -863 | 1.30 | 1.75 | 2.65 | 3.54 |] 1-08) - 1218]. ._ 2. 5 20| 6.99 | 10.61 | 14.24 
43 Feo 808 de Sho [ies eye lees by: 1.09 [BEES ne eee 5.26 | 7.09 | 10.75 | 14.43 
.44 5i | .924 11.40 | 1.88 | 2.83 | 3.80 1.10 eee ee eee 5.34 | 7.19 | 10.90 | 14.64 
45 53 -955 | 1.44 | 1.94 | 2.93 | 3.93 j Ed Tat [er os ee 5.41 | 7.28 | 11.04 | 14.83 
-46 53 .986 | 1.49 | 2.00 | 3.03 4.05 dAD jhe eee ee 5.48 | 7.38 | 11.19 | 15.03 
47 Be 1 002" 5).4. 54'S 2.07 3542 ees LES 2 host © 2m Fe ee 5 55 | 7.47 | 11.34 | 15.22 
.48 5-11.05 9) 1-59 | 2513 | 3-22-)) 4°32 1 4 jy eS iene eee 5 62] 7.57 | 11.48 | 15.42 
.49 52 11.08 | 1.64 | 2.20 | 3.32 | 4.45 ]/ 1.15 (ee ae ae 5 69 | 7.66 | 11.64 | 15.62 
.50 6 11 168.) 22963142 4.58 || 1.16 gas eee ce 5 77 | 7.76 | 11.79 | 15-82 
51 Ge Wes Sid eyes Poona PR Ray Am | ecb a= cll er eee 5 8&4] 7.86 | 11.94 | 16.02 
.52 GP 11818) [S789 A Oo40 eGo assole aedens 14s ee 5 91| 7.96 | 12 09 | 16.23 
.53 G2 de i | A842 46a ers 4.99 1.19 aa eee 5 98 | 8.06 | 12.24 | 16.43 
.54 Gi £1.25 | 1.89. | 2.53 | 3.83 5.13 | 1.20 CE ceil 6 06 | 8.16 | 12 39 | 16.63 
55 68 | 128 | 1.94 | 2.60 | 3.94 5.27 1.21 4 Se ee 613] 8.26 | 12.54 | 16.8 
.56 62 | 1.31 | 1.99 | 2.67 | 4.04 5.42 1.22 iy, Ei eel 620 | 8.35 | 12.69 | 17.03 
.57 623 |} 135 | 2.04 | 2.74 !4.15 | 5.56 1.23 ie El Paes 6 28 | 8.46 | 12.85 | 17.25 
.58 612 | 138 | 2.09 | 2.81 | 4.26 | 5.70 1.24 se a PS oe 6 35 | 8.56 | 12 99 | 17.45 
.59 7#5 | 142 | 2.15 | 2.88 | 4.36 | 5.85 1.25 Td AEE Ee 6.43 | 8.66 | 13 14 | 17.65 
i604) We 1945 | 9.90. | 296. \'a-a7 Ai-Gloolll 4.98 [oir | eee eas 13.30 | 17.87 
.61 72; | 1.49 | 2.25 | 3.03 | 4.59 6.14 1.27 152 ib cee [ae ant ae 13.45 | 18.07 
-62 7z= | 1.52 | 2.31 | 3.10 | 4.69 6.29 1.28 RSE Le Vewaitrtinn aia eee | 13.61 | 18.28 
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When weirs are formed by the use of concrete pipe, the usual prac- 
tice is to employ pipe too small in diameter in proportion to the length 
of the weir, thus departing at times very far from the standard weir, 
and introducing errors which may amount in certain cases to 5 per 
cent and more, a combination of this kind being shown in figures 13 
and 14. If pipes are to be used for this purpose they should be of 
large diameter and of thin shells so as to permit the largest pos- 
sible distance between the end of the weir notch and the inner sur- 
face of the pipe. According to standard dimensions and accurate 
measurement a weir 1 foot long would require a pipe 65 inches in 
diameter whereas if a 2-foot pipe is used for the same length of 
weir the discharge may be too large by 5 per cent. 

In order that the water may approach the weir at a slow velocity 
and be freed from cross currents and eddies, baffle boards are fre- 
quently placed in the receiving chamber and the inlet pipe may be 
placed in a vertical position and at right angles to the feed pipe. 

Another frequent cause of overregistering in the use of weirs is 
the increase in head over the weir above the normal. This may be 
partially overcome by having all excess water flow over spillways, 
the longer the spillway the greater approach to normal conditions 
being obtained. Another method is to keep a continuous record of 
the flow through the weir notch by means of an automatic register. 
In still other cases the head is kept constant by means of a gate 
regulated by a float. Apart from the long spillway perhaps the 
most effective way of maintaining a constant head over a weir is 
shown in figure 15, which is a combination of the spillway and 
valves. By this arrangement valve “b” in the main feed pipe when 
closed causes the water to rise in one chamber of the box and flow 
over spillway “a” into the other chamber, while valve “c” is regu- 
lated to permit the desired amount of water to flow through the weir 
“d” into the lateral pipe. It is thus apparent that any slight in- 
crease in the depth of water in the spillway “a” will not materially 
affect the measurement at “d.” 

Miner’s Inch Boxes. ! 

A device of this kind measures the quantity of water which flows 
through a rectangular orifice under a constant head (fig. 16). The 
dimensions of the orifice most commonly used in southern Califor- 
nia are 4 inches deep and from 2 to 100 inches in length with a head 
of 4 inches of water over the center of the orifice. The quantity of 
water flowing through such an orifice is estimated to be 9 gallons 
per minute for each square inch of orifice or the one-fiftieth part of 
a cubic foot per second. The Azusa miner’s inch box or hydrant 
shown in figure 17 is fitted with a cast-iron plate which contains four 
orifices all 4 inches deep and 24, 33, 64, and 124 inches long, respec- 
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Fic. 12.—Weir box having side contractions too narrow for accurate measurement, 
athough the discharge over the two weirs may be proportionately accurate. 


Fig. 14.—Faulty rectangular weir. 
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tively. Under a 4-inch head over the center of these openings, they 
will discharge 10, 15, 25, and 50 miner’s inches, respectively. When 
miner’s inch boxes are first installed thev should be checked against 
a standard weir in order to test their accuracy. Under constant 
heads, the miner’s inch box measures water with fair accuracy but 


pessare 


VEN 


Fic. 15.—Weir box for controlling of head. 


where the heads are permitted to vary errors of 100 per cent may be 
introduced. As in the case of weirs, spillways are used to prevent 
large fluctuations in heads. One of these is shown in figure 18. 


Water registers. 

Wherever it is desired to keep a continuous record of the amount of 
water passing a given point automatic registering devices known as 
water registers are frequently used. These consist of a drum around 
which the recording sheet is wrapped and both are attached to a 
clock which causes them to revolve once in a period of 8 days cr 
more. ‘The record is made on the sheet by a, pen or pencil attached to 
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Fic, 16.—Miner’s inch box with waste way. 


the rod of a float. The float and its record may measure the height 
of water over a weir or in a rating channel. 
Mechanical recording devices. 

These as a rule operate by a vane or propeller revolved by the 
action of the water as it passes through the meter. They possess an 
advantage in registering a flow whose record can be readily observed. 


Fic. 17.—An Azusa miner’s inch box. 
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On the other hand, such devices may not measure water accurately 
particularly in reduced volumes. They are also liable to become 
clogged with silt, sand, moss, or other débris. Figure 19 shows the 
exterior of one of these meters. 


SIAIN BOX 


OVER-FLOW BOX : 


Fic. 18.—Miner’s inch box fitted with long waste overflow to minimize change of head 
through miner’s inch plates that feed lateral pipes. 


DIVERSION BOXES. 


As stated, weirs, miner’s inch boxes, and recording devices are 
usually set in boxes which also act as diversion boxes. Some of the 
larger rectangular boxes in use have a weir or miner’s inch plate 
on each side and divert water to three or four laterals, as illustrated 
in figure 20. 

It is common practice to measure water at the upper end of a 
lateral and then install simple diversion boxes at each orchard or 
farm. These seldom measure water, but are designed so that all 
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Fig. 19. 


Exterior view of recording meter. 


Fic. 21.—A divers 


=r 


on box formed partly of concrete pipe. 
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the water in the lateral is divided in proportion to the separate 
acreages to be served. The Covina Water Co. has installed diver- 
sion boxes that are fitted with galvanized sheet-iron gates. The 
gates are all set at the same elevation in the box and water may 
spill over into the orchard pipe lines on every side of the box. The 
gates are usually made with rectangular orifices that have several 
sizes of openings. As the head is the same on each gate, the correct 
proportion of water will be delivered to each unit, independently 
of the head over the 
orifice. 

Pipe can be used 
to advantage for 
constructing  diver- 
sion boxes as shown 
in figures 21 and 22. 
Where there is con- 
siderable pressure to 
contend with at the 
point of diversion, 
pipe structures can 
be built up in a sin- 
gle length to the re- 
quired height and 
gates operated from 
the top of the 
stands. Overflow 
stands (fig. 23) can 
be made by building 
spillways and thus 
keeping a constant 
head on the mains 
or laterals. Overflow stands may operate automatically, requiring 
no gates, or gates may be made from ordinary orchard valves that 
can be manipulated from the outside of the stand. 

Where pressure is excessive or there is an objection to high stands, 
diversion boxes are sometimes built that extend only a few feet 
above the ground surface, and a top is provided over the stand that 
will withstand the pressure as shown in figure 24. Alfalfa valves are 
commonly used to close the top of the stand. Lateral gates may 
either be of the common, shding type, or may be orchard valves that 
are loosened by turning on a threaded bolt. 

A diversion box has been designed that will relieve high pres- 
sures without the use of high relief or overflow stands. This box 
makes use of an automatically controlled valve that will open the 
gate in the main when pressures tend to become high at the point of 


Ite, 22,—A diversion box formed wholly of concrete pipe 
having small air vents. 
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diversion. The valve 
is controlled by a float 
in an auxiliary stand. 
Such an arrangement 
would have value 
where high pressure 
pipe is laid down a 
steep grade, and 
where relief stands 
would have to be ex- 
cessively high to back 
water up to all points 
of diversion. In the 
above case, water was 
intended to be used 
for domestic use and 
some provision was 
necessary to keep con- 
siderable pressure at 
each diversion point. 
It was not practicable to allow the entire head of water on the pipe 
on account of the steep grades and long length of the main, and relief 
stands at frequent intervals, high enough to deliver water to the 
second story of a house were too expensive, and at the same time 
unsightly. 


Fic. 23.—Overfiow stands. 


DISTRIBUTING HYDRANTS. 


After water has been conveyed to the field or orchard, the type 
of distributing hy- 
drant or valve should 
be selected to suit 
the soil, grades, and 
crops to be watered. 
The most common 
type of valve con- 
sists of a stand of 
one length of con- 
crete pipe that is 
fitted with a number 
of small gates (figs. 
25 and 26), the size 
of the stand and 
number of gates de- 
pending on the num- 
ber of furrows to be 5 
supplied from one Fig. 24.—A diversion stand with covered top and valves. 
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Fic. 25.—A common type of distributing hydrant for orchard irrigation. 


. 


valve. The stand is connected to the underground lateral by a 
short riser and the water is regulated from the lateral to the stand 
by means of a small valve. A 6-inch concrete pipe stand usually 
contains two outlets, each from i to 2 inches in diameter; an 8- 
inch stand, 2 to 4 openings; a 12-inch stand, 4 to 8 openings; and 
a 16-inch stand contains 6 to 8 openings. The concrete risers and 
stands are usually connected by the pipe contractor when the orchard 
laterals are laid. The contractor cements the small galvanized gates 
into the pipe in the yard. A special mold is often used to make the 
concrete pipe stands, the holes that contain the gates being made 
when the pipe is in the mold. | 


4, 


pe Ne 


Fig. 26.—Distributing hydrants on steep slopes and overflow stands. 
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Large elliptical, 
semicircular, or oval 
stands are used where 
an extra number of 
valves are to be con- 
nected to one hydrant 
These special forms 
(figs. 27 and 28) 
are also used in sandy 
soil, where it is de- 
sirable to space the 
spouts as far apart as 
possible. If several outlets are set in a small diameter pipe, water 
will wash the furrows together where they connect at the hydrant. 
Where the larger sized hydrants are used it is a good plan to set them 
against a curb or fence, otherwise they will be an obstruction to 
cultivation if placed in the ordinary manner. These large hydrants 
are sometimes used where the smaller type would answer as well, but 
they have their use especially in walnut orchards where a large num- 
ber of furrows are required between tree rows. The oval type set with 
the long axis parallel to the tree rows presents the least obstruction to 
cultivation where the stands can not be placed against a fence or 
curb. There are orchard hydrants which are covered over the top, 
with no valve connecting stand to the underground lateral, the 
amount of water delivered to each furrow being regulated by means 
of small galvanized gates that are attached to spouts set through 
the sides of the stand. 
This type is practicable 
where heads are low, 
but where pressure is 
in excess of a few feet 
the valves are difficult 
to make water-tight. 
Leaves and trash also 
tend to clog this type 
of hydrant. 

In some cases where 
it is not desirable to 
place a number of 
stands, the hydrants 
are placed a _ consid- 
erable distance apart, 
and portable pipes 
fitted with outlet . 
valves are connected Fic. 28.—Another type of distributing hydrant. 
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Fig. 27.—Distributing hydrant elliptical in form. 
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to the hydrants (fig. 29). This portable pipe is made of hght- 
weight galvanized iron and is easily carried from one hydrant 
to another. This method assures even distribution to each furrow, 
and prevents washing at the stand. More labor during irrigation 
is required, however. 

Where hillside land is to be irrigated, several new types of valves 
have been developed (figs. 30 and 31). Most of these new valves or 
methods of installation have been developed to assure an even flow 
from valves in spite of considerable variation in pressure in the 
orchard lateral. It is common practice in hillside irrigation systems 
to install the main feed lines along the upper sides of the tracts and 
to arrange orchard laterals to run down the steepest slope. As some 
of these laterals run down for several thousand feet on grades that 
fall from 15 to 35 feet per 100 feet, it can be seen that valves or outlets 
must be arranged to continually relieve the pressure in the pipe. 


Fig. 29.—Distributing hydrant formed of portable pipe having small sliding gates. 


There are several distinct types of distributing systems designed 
to control pressure. Overflow stands may be placed at stated inter- 
vals down grade (fig. 26), the stands being high enough to back water 
up to the next relief stand above it, distributing hydrants being 
placed between the relief stands. The relief stand may be made of 
two parallel concrete pipes set vertically, as shown in figure 32, so 
that water will rise in one to the required height, and overflow into 
the other and thence down the pipe to the next stand. The common 
orchard valve can be used to supply water to the furrows. The stand- 
pipes may consist of one pipe of small diameter set in another as 
described in a previous chapter. . | 

The second plan makes use of an ordinary open stand (fig. 33) 
that does not stand above the ground surface over two or three feet. 
A pressure gate is cemented to the intake pipe which can be closed 
and back water up to the next box above. There is no danger of 
excessive pressures if this plan is followed, providing that stands are 
not placed too far apart or grades too steep, as water will back up to 
next stand and overflow it if more water is let into the pipe line 
than the orchard hydrants will dispose of. The disadvantage of this 
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type is that gates 
must be regulated 
very accurately 
where a large num- 
ber of orchard hy- 
drants are fed simul- 
taneously. Asa rule 
such construction is 
best adapted to 
grades that will al- 
low enough orchard 
hydrants between 
two successive 
stands to take all 
the water carried by 


58 Be ee ee | the pipe line. 
Hie. 30.—A distributing hydrant to reduce water pressure A third plan that 
on hillsides. is also adaptable to 


comparatively small pressures is to provide standpipes at intervals 
high enough to back water from one to another (fig. 34). The stands 
may be made of concrete pipe cemented together and set up verti- 
cally. A shde gate is cemented to the discharge pipe at each stand, 
leaving the inlet open. When the gate is closed, water will rise in 
the stand until it is backed up to the one above it. If an excess of 
water is turned in the pipe line, these stands will overflow and thus 
relieve the pressure. This plan is advisable where the gate can 
be easily manipu- ; 
lated from the top 
of the stands. If 
the standpipe is too 
high, it is possible to 
install a gate valve 
or irrigation valve 
that is boxed in, 
leaving the handle _ 
of the gate to project 
through a_ packing 
boxinthetop. Some 
companies have in- 
stalled a short aux- 
iliary stand imme- 
diately below’ the 
main standpipe. 
This stand contains 


Fic. 31.—Another type of hydrant shown in Fig. 30. 
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a pressure gate that controls the height of water in the stand. This 

arrangement is applicable where there is a constant down grade. 
Where excessive grades are encountered, it is usual to use overflow 

distributing hydrants. In this case each hydrant relieves the pres- 


Fig. 32.—Relief stand for preventing excess pressure on concrete pipe. 


sure at every tree row. It is not possible to pile up pressures that 
will exceed the height of the hydrants in this case, irrespective of the 
grade of the feed pipe. There are three general types of overflow 
hydrants used and each type may have several modifications 


Fic. 33.—Relief of pressure accomplished by short stands with pressure gates. 


The most common type consists of two lengths of concrete pipe 
(fig. 8) set vertically and adjacent to each other. The stand con- 
nected to the inlet pipe acts as the distributing hydrant and is fitted 
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with valves as in the common orchard hydrant. The auxiliary pipe 
acts as an overflow and is cemented to the outlet pipe, permitting the 
excess of water to flow down the pipe line to the next hydrant. 
A small spillway connects the two stands, the spillway being set 
high enough to allo7 a few inches head on the gates set in the 
upper stand (fig. 10). A modification. of this hydrant is fitted 
with lift gates, so that all the water may flow down the pipe line 
and not be forced to 
spill over the waste- 
way of each valve. 
Others have no 
gates, all the water 
being forced to rise 
in each stand and 
overflow into the 
pipe line. Where 
the valves are set on 
a long lateral that 
runs down ona 
steep grade, it is 
usually necessary to 
provide gates in the 
pipe line so water 
can flow unob- 
structed to any set 
of valves. 

Another type of 
overflow hydrant is 
Fig. 34.—Plain relief stand. Standpipe is high enough to re mist FECTS d by 

insure pressure on field hydrants above it. Excess pres- placing a partition 


sures on pipe line impossible, as standpipe will overflow wall in as 1 nole 
when all orchard valves above are closed. = 
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length of pipe. The 
water is forced over the partition wall when operating and spills 
over into the outlet to the next valve. Small outlet gates that feed 
the furrows are set in the inlet chamber, the presssure on the gates 
depending upon the height of spillway above them. 

The third type is made of one large stand, consisting of one joint 
of concrete pipe having a pipe of smaller diameter set inside. The 
small pipe acts as the spillway and is connected to the outlet pipe. 

When these valves are constructed properly they are nearly ideal 
for irrigating side-hill orchards, where only a small stream is re- 
quired to each furrow. They are well adapted to contour and ter- 
race plan of irrigation. 
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The greatest difficulty with overflow rehef standpipes and over- 
flow orchard hydrants is the trouble caused by entrapped air. If 
the sheet of water flowing into the outlet stand entirely covers the 
opening into the underground pipe air is carried down with the sheet 
of water and is not able to escape, due to the aperture being closed 
with water. In many cases more than three or four overflow hy- 
drants can not be operated at one time, due to air trouble. If 
the hydrants or relief stands are fitted with gates at the connection 
to the feed pipe and the valve opening is large enough to take the 
full head of water, there will be little trouble with air. Such valves 
are sometimes difficult 
to adjust, however, 
especially where a 
portion of water is to 
Diels dsc bars by nite.cl 
through the hydrant. 

The way to pre- 
vent air troubles in 
this type of orchard 
hydrant is to con- 
struct the outlet from 
the spillway large 
enough so that the 
entire space will not YR 
be wnlledwithwawaters cies ban) 8 ie Ra 
at any time. If there “IIS 7 
i@ 4 clear space ubovo 7 “> —Overiom aatebatiog iyorank_Wastemay pio 
the outlet feed pipe 
and the aperture from valve to feed pipe is never entirely covered 
with water, air will be able to escape. 

The spillway pipe can also be set at an angle so that water wasting 
into the outlet pipe will never entirely fill it (fig. 35). If the spill- 
way pipe is of small diameter and set inside a large diameter pipe 
it is necessary to have the outside pipe very much larger than the 
spulway pipe. The Lemon Heights Land Company near San Diego 
has a large number of overflow stands that are made by using the 
main hydrant of 20-inch pipe and the spillway of 4-inch pipe. The 
spillway pipe was originally set vertically, but there was so much 
trouble from air that all stands were changed by setting the spillway 
at an angle of about 45 degrees with the vertical. A notch was cut 
in top of the spillway pipe so that water would flow through it with- 
out entirely filling it. There has been no trouble from air since the 
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change in design. This valve is provided with.a lift gate in the 
bottom so that some of the water can flow to the lower hydrants with- 
out having to be forced through each valve. A much smaller pipe 
could be used for the main distributing hydrant if the spillway pipe 
was set through the lower side of the hydrant, and set on an angle to 
the underground pipe. Smaller spillways could also be -used if this 
plan was followed, without danger from entrapped air. 

Where sandy ols is to be irrigated, and furrows run on a patina 
grade it is often best to do away with the ordinary stand that ex- 
tends above the ground. An orchard valve or alfalfa valve can be 
cemented to the riser, having the riser 
cut off 4 inches to 6 inches below the 
ground surface. If the valve is set in- 
side the first tree and in every tree row | 
it will be no obstruction to cultivation. 
‘Where sandy soil is encountered it is 
often impracticable to attempt to run 
a number of furrows between the rows 
on account of the rapid percolation of 
water into the subsoil. It is a common 
sight to see sandy ground watered by 
using the ordinary hydrant fitted with 
4 to 6 outlet gates, and either allowing 
all the gates to spill in one main furrow 
or letting the water run over the top of 
the stand. Where flooding or basin ir- 
rigation is practiced there is no need of 
a number of small outlet valves set in 
one hydrant. 

Where flooding is resorted to for al- 
falfa or orchards having very flat grades 
and sandy soil, risers are set at con- 
venient intervals that are capped with 
a special lid. This cap can be removed 


Fic. 36.—Distributing hydrant for 
large irrigation heads, such as anda portable hood or hydrant attached 


are used in irrigating alfalfa. ‘ 
: to it (fig. 36). There are a number 


of different types on the market. The best portable hydrant can be 
fastened to the riser before the cap on the riser is removed or 
loosened. Portable pipe made from light-weight galvanized iron can 
also be easily attached to these portable hoods. This arrangement is 
often used where alfalfa is irrigated, but may be used to advantage in 
orchards where soil or grades will not permit of furrows. 
Where steel pipe is used for distributing water, the outlet valves 
are usually the common hydrants or faucets used in domestic water 
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supplies. They may be connected to concrete stands fitted with small 
gates or flumes and galvanized pots fitted with spouts may be used 
to feed the furrows. Some orchardists have utilized short lengths 
of standard three-quarter-inch steel pipe to distribute water to the 
furrows. Water is distributed through small holes bored in the 
pipe, each hole feeding one furrow. In the latter case a connection 
is made to the irom pressure pipe at every tree row. The distribut- 
ing pipes are about 8 feet long, and are fitted to the riser by pipe fit- 
tings so that the pipe may be let down on the ground when irrigat- 
ing, or set up vertically out of the way of cultivation. 

As regards irrigation gates and valves, it is a safe plan to install 
makes that have all threaded or sliding parts either of brass, bronze, 
or other composition metal that will resist rust. (Gates whose wear- 
ing parts are cast iron throughout are liable to corrode and stick. 
Cast iron, however, is satisfactory for parts that do not wear, or 
for seats to make a water-tight connection. Most gates are con- 
structed to work with the water pressure, the pressure tending to 
make them more water-tight. There are a number of pressure gates 
manufactured that are held against the pressure by being clamped 
tightly against the frame. Most gates are not built for heads over 
15 to 25 feet. Special gates can be ordered for higher pressures. 
It is better, however, to construct boxes so that pressures will tend 
to hold gates in place whenever possible. 

An average price for pressure gates including frames was about as 
follows July, 1919: 


Sr Ma ee SO SESS, fa PURE AUE Se Nos (0) 
Shinichi © oot, Sia Mee Ae oe Nee 8. 00 
CVE O06) 0 Re Pte oe 2 tec sak ce ape pe oie Tee OOO, 
ZEN Chis sate maT CON ee Cetus 16. 00 
ERG TG Hae 28 wees NA on IA ee ad Ns 28.00 - 
TUS ad Ea AB 7 ee 36. 00 


These gates are fitted with a locking device that will hold the gate 
in any position, and are used both against and with pressure. Plain 
gates without the locking device sell for one-half to one-third of the 
above price. | 

Orchard valves for controlling water from pipe line to hydrant 
stand sell for about as follows: 


COSI ONG Nai Mae es Sr EA al ae mere en sid Le) 
I SHETNTA 6) A tear CEN | oak ARR Re Se a EE al, 130) 
(ET) 0G) meres Sa See ia bo a = ‘4:00 


Alfalfa valves without hoods cost about $4.50 for 6-inch size; $6.75 
for 10-inch, and $9 for 12-inch. Portable hoods or hydrants for 
flooding or for use with light-weight portable galvanized-iron pipe 
cost about $12.50 for 6-inch hydrant and $18 for 12-inch size. 
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One pipe contractor in southern California quotes the following 
prices for standard orchard stands installed in the field fitted with 
14 inch galvanized gates: 7 


8-inch stands, 4 openings________ pee en re men Sed 7d) 
A 2=inch stands: AsO penine ga hs Ae eee eee ee 2.50 
12-inchestands, 6 (Openings Sees ee ee ee 2. T0 
Another contractor quotes the following: 
12-inch stands, with 4-hole openings_________ eter ame $3. 50 
12-inch stands, with 6-hole OE CUNT Sa 3 te 
18-inch oval stands, with 6-hole openings__________ 4.00 
18-inch oval stands, with 8-hole openings________-___ 4,25 


It should be borne in mind that the large majority of concrete pipe 
systems under operation are made of pipe of medium if not inferior 
-grades and that the relief stands, diversion boxes, and other apph- 
ances designed to relieve water pressures have been adapted to this 
kind of pipe. With the introduction of a better grade of pipe capable 
of withstanding higher pressures the necessity will arise of modify- 
ing the present practice by using more high pressure valves and fewer 
standpipes, and this change should lessen the cost of pipe systems. 
In other words, if concrete pipe in the smaller sizes can be made to 
withstand with safety heads of 50 feet, it should tend to revolutionize 
the present costly system of reducing the pressure to 10-foot heads, 
particularly on steep slopes. 
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